INTRODUCTION
Nutrient contents in the fertilizers was as follows:
Calcium magnesium phosphate (CMP) : P O %, MgO %; Single superphosphate (SSP): P O %, S %; kieserite (MgSO ): MgO %, S %; Diammonium phosphate (DAP): P O %, N %; Urea: N %; KCl: K O %.
The application fertilizer: N and K were applied in four splits ( %, %, % and %) at the basal dressing, seeding, tillering and cane elongation stage. Other fertilizers were applied as basal application.
Four replications were used for each trial. The plot area was . square meters.
Plant density and variety
Plant density was , buds/ha. The variety of sugarcane was guitang and taitang series.
Soil analysis methods
The total K in soil was heated and melted with carbonate sodium (Na CO ). The slow-release soil available K was extracted by nitric acid ( N HNO ), then heated and boiled for min. The soil available K was extracted by ammonium of acetic acid. Then, the amount was determined using a flame-spectrum meter.
For the total P soil analysis, NaOH was added to the sample and heated at ºC for minutes. To analyze the available P, the sample was extracted by . M NaHCO , and the amount determined by a photometer.
Soil pH was measured in a soil to water ratio of : . with a pH meter. Total N in soils was determined by the microKjeldahl method. Exchangeable Mg and K was determined with atomic absorption spectrophotometry by extracting the soil with a N NH OAc solution in a : soil : solution ratio.
To determine S in the soil, the Ca(H PO ) extraction method was used.
N, P 2 O 5 and K 2 O of sugarcane stalk and leave
Total N, P and K were determined by the K Cr O + H SO digestion method, the H SO + HClO -molybdenum blue method, and CaCO + NH Cl fusion-flame photometric method, respectively.
Total S in plants was determined by the HNO + HClO boil method.
Analysis of sugarcane quality
Sugar was determined using the revolving light meter. Reducing sugar was determined using the filin-iodine volumetric procedure.
Fiber was determined using the method of acid-detergent fiber. Effect of fertilizer application and the main nutrient limiting factors for yield and quality of sugarcane production in Guangxi red soil Application of a systematic approach for soil fertility evaluation to determine the limit responses of the
plant nutrients being tested
This technique involved seven steps: obtaining the soil sample, preparing the soil sample, analyzing the sample in the laboratory, determining amounts to be used for optimum treatment, preparing and applying the treatments, potting and planting the soil, and harvesting (Hunter, ) . Collection of the soil sample: for the first trials, bulk soil samples of kg were collected in clean plastic bags. Preparation of soil sample: drying after stones and organic debris were removed from the sample. Analysis of the sample in laboratory: physical and chemical analysis, and chemical analysis included the routine soil analysis and fixation analysis. Determining amounts of amendments to be applied to the optimum treatment: optimum treatment was determined according to the results of analysis in laboratory. Preparing and applying the treatments: OPT, −N, −P, −K, −S and −Mg etc. treatments were included. Potting and planting the soil:
the soil for each pot was measured by weight. The small pots were marked with their treatment and replication number.
Planting test crop (corn). Har vesting: at the end of the optimum growth period, obvious growth differences were observed for some treatments, but other treatments appeared to have growth equal to, or possibly even greater than, the optimum treatment. The nutrient supply of the soil will be enough in N, P, K, S and Mg.
RESULTS AND DISCUSSION

Chemical properties of the tested soils
Availability and utilization by plants of essential nutrients in the soil is affected by the soil s physical and chemical characteristics, plant characteristics, and other factors affecting plant growth, such as temperature, moisture, light, etc.
The agrochemical properties of the tested soils are given in Table . Pot culture trial
The relative (%) yield was less than . This means the individual treatment average yield was less than the optimum.
All treatment yields were significantly lower than the optimum treatment. Low levels of nitrogen, phosphate, potassium, sulphur and magnesium limited crop growth. The results obtained from the pot culture trial indicated that the two soils tested were poor in nitrogen, phosphate, potassium, magnesium and sulphur (Table ) . (Table ) .
The effect of potassium, magnesium and sulphur applications on sugarcane yield Effect of potassium, magnesium and sulphur applications on sugarcane yield
The influence of potassium, magnesium and sulphur on biological and yield properties of sugarcane is presented in Table . The application of Mg-fertilizer increased single stem weight by grams (an increase rate of . %) in Nanning and by grams (an increase rate of . %) in Laibin. On the basis of applied Mg-fertilizer, application of S-fertilizer increased single stem weight, and the biggest increase rate reached was . % in Nanning. The effect of K on sugarcane yield was mainly due to the increase in the number of available stems. In addition, the application of K, Mg and S also increased the stem diameter and plant height of sugarcane.
As for the influence of potassium, magnesium and sulphur on yield of sugarcane, among all treatments, NPK MgS achieved the highest yield of sugarcane (Table ) . In Nanning, NPK MgS reached . kg/ha, which was .
kg/ha more than the NPK treatment and with an increase rate of . %; in Laibin, NPK MgS reached . kg/ha, which was . kg/ha more than the NPK treatment and with an increase rate of . %, and the difference was very significant. Applied K-fertilizer increased the sugarcane yield . % more than the NPK treatment in Nanning and . % more in Laibin. On the basis of NPK Mg, applied S-fertilizer, sugarcane yield increased . % in Nanning, and . % in Laibin. With equal Mg and S, different performances at the two trial sites were observed. At the Nanning site, applied S , LSD . = . , LSD . = . Significance level: P < LSD . ; P < LSD . .
Effect of fertilizer application and the main nutrient limiting factors for yield and quality of sugarcane production in Guangxi red soil and Mg-fertilizer showed the best effect, and sugarcane yield increased . % more than the NPK treatment; while at the Laibin site, applied S and Mg-fertilizer got the best effect, and the sugarcane yield increased by . % more than the NPK treatment. With NPK MgS, potassium application with NPK MgS treatments increased sugarcane yield by . % more than NPK MgS at the Nanning site, and . % more at the Laibin site. The NPK MgS treatment was best for increasing sugarcane yield. As for the effect of K, Mg and S on sugarcane yield, the application of K got the best effect, and the application of Mg and S also variously affected yield. The treatment with NPK MgS was best for sugarcane yield in both trials.
Economic analysis
The results of Table show that the NPK MgS treatment obtained the highest net income of . RMB/ha in Nanning, and . RMB/ha in Laibin. The application of magnesium increased net income to . RMB/ha in Nanning and
. RMB/ha in Laibin. All combined applications of S and Mg increased net income. Among the various combinations of S and Mg, the application of NPK MgS garnered the highest net income of . RMB/ha in Nanning, which was . RMB/ha more than with only Mg-fertilizer treatment and the application NPK MgS garnered the highest net income of . RMB/ha in Laibin, which was . RMB/ha more than with only Mg-fertilizer treatment. On the basis of NPK MgS, applied potassium increased net income to . RMB/ha in Nanning and . RMB/ha in Laibin.
Concerning the ratio of output/input, the NPK Mg treatment had the highest ratio at the two trial sites. Influence of potassium, magnesium and sulfur application on sugarcane quality
As for the influence of potassium, magnesium and sulfur on the quality of sugarcane, the results in Table show that the treatments with potassium, magnesium and sulfur fertilizer increased the sucrose content of sugarcane significantly.
Increased use of potassium, magnesium and sulfur fertilizer increased the content of fiber in sugarcane as well. In addition, the application of Mg-fertilizer decreased sugar content significantly. A higher potassium application rate had no significant influence on the quality of sugarcane.
Potassium requirement of sugarcane
Sugarcane, a grass family crop, has favorable growth in tropical and sub-tropical regions. Its biomass production is tons per hectare, and is one of the high yield crops. As sugarcane s biomass production increases, it absorbs more and more nutrition (Zhang et al., ). In general, sugarcane absorbs . . kg per hectare of K O..
According to the statistical results of field experiments, the relationship of sugarcane yield to sugarcane absorbing potassium amount was positively correlated (Fig. ) . The correlation coefficient was r = . , a remarkable 
Fig. 1. Relationship between yield and amount of potassium absorbed
Effect of fertilizer application and the main nutrient limiting factors for yield and quality of sugarcane production in Guangxi red soil level. The function of the sugarcane yield (y) with the amount of potassium sugarcane absorbs (x) was y = . + . x.
Most crops absorb more potassium than other nutrients in the tropical and sub-tropical crop planting region. For example, both banana and sugarcane absorb more potassium than nitrogen and phosphorus. (Zhang et al. , ) The amount of potassium absorbed in sugarcane increased with increasing yield.
Soil potassium classification of sugarcane planting regions Soil available potassium is a critical value in sugarcane planting regions
The availability of soil potassium is influenced by soil texture and soil moisture etc. Soil and plant interactions create a dynamic system. In addition, a soil s supply of potassium for crop nutrition is determined by complicated processes.
According to the results of field experiments in Nanning and Laibin, the relationship between soil available potassium and crop yield determines the soil potassium critical value.
For the field experiment on potassium application in Nanning and Laibin, the soil texture was classified as either sandy, loamy or clayey. A dispersion map was made with sugarcane yield of NP treatment on the y axis and available potassium content on the x axis with soil. According to the relationship between sugarcane yield and soil available potassium content, the correlation coefficient and curve equation were determined. The curve equation was applied to calculate the soil available potassium content (soil available potassium critical value) under certain objective yields with a confidence interval of %.
(a). Sandy soil available potassium critical value
As for the statistical results of the field experiments for the sandy soil group of Nanning and Laibin, the sugarcane yield of NP treatment and the soil available potassium content had outstanding positive correlation, r = .
(Correlation function: y = − + . x − x , (Fig. ) ). According to the correlation function of sugarcane yield with soil available potassium content, when the yield desired was , kg/ha (the average yield level of sugarcane in sandy soil of Guangxi), the sandy soil available potassium critical value was . mg/kg.
(b). Loamy soil available potassium critical value
The statistical results of the field experiments in the loamy soil group of Nanning and Laibin, indicated that the sugarcane yield of NP treatment and the soil available potassium content had a significant positive correlation, r = .
(the correlation function: y = . + . x − . x , (Fig. ) ). According to the correlation function, when the yield desired was , kg/ha(the average yield in loamy and clayey soil of Guangxi), the soil available potassium content (x) was . mg/kg. The statistical results of the field experiments in clayey soil group of Nanning and Laibin, showed that the sugarcane yield of NP treatment and the soil available potassium content had significant positive correlation, r = .
. The correlation function of sugarcane yield (y) with soil available potassium content (x) is y = . − . x + . x , (Fig. ) . According to the calculation of correlation function, when the yield desired was , kg/ha, the soil available potassium content (x) was mg/kg.
It is clear that as soil clay content increased, the soil available potassium critical value also increased.
In addition, the soil s supply of potassium for crop nutrition is a complicated process. To study the soil potassium critical value we investigated the soil available potassium content in different soil textures when sugarcane yield was at an average yield level. Field experiment results were used to determine the relationship between soil available potassium The soil available potassium content was mg/kg and the sugarcane of application potassium fertilizer the increase rate was % and increased the yield of kg per kg K O. In sugarcane planting regions of clay soil, the soil available potassium was mg/kg, the increase rate of application potassium fertilizer on sugarcane was more %. When soil available potassium content was mg/kg, the rate of application potassium fertilizer on sugarcane was % and increased the yield of . kg per kg K O. When soil available potassium content was more mg/kg, the rate of application potassium fertilizer on sugarcane was lower than % and increased the yield of kg per kg K O.
CONCLUSION
In Guangxi, significant amounts of potassium are absorbed by sugarcane, banana and pineapples. However, soil available potassium content was low. So, a classification system of soil available K, with special consideration for tropic and sub- ( ) The potassium requirement of sugarcane was more than other crops and sugarcane s requirement for potassium was more than that of its need for nitrogen and phosphorus. Sugarcane absorbs . . K O kg per hectare. The relationship between sugarcane yield (x) and potassium absorbed by sugarcane (y) was y = . + . x, r = . .
( ) The classification system of soil available potassium in sugarcane planting regions in sandy soil indicated that the available potassium critical value was . mg/kg. The function of sugarcane yield (y) with soil available potassium (x) was y = − + . x − x , r = .
; the low, mid and high class of soil available potassium was < mg/kg, mg/kg and > mg/kg, respectively. The loam soil available potassium critical value was . mg/kg; the function of sugarcane yield (y) with soil available potassium (x) was Y = . + . X − . X , r = .
; the low, mid and high of soil available potassium was < mg/kg, mg/kg, > mg/kg, respectively. The clay soil available potassium critical value was mg/kg; the function of sugarcane yield (y) with soil available potassium (x) was y = .
− . x + . X , r = .
; the low, mid and high of soil available potassium was < mg/kg, mg/kg and > mg/kg, respectively.
( ) When potassium (K O) application increased to kg/ha, the sugarcane yield also increased. That benefit for sugarcane decreased when application of K O was kg/ha. Experiments of fertilization with potassium showed that the benefit decreased by degree. As for other minerals effects, (K, Mg and S) on sugarcane yield, the application of K had the most marked effect, and the application of Mg and S also affected the yield. The treatments with potassium, magnesium and sulphur fertilizer increased sucrose content. Increasing the use of potassium, magnesium and sulphur fertilizer also increased sugarcane s fiber content.
